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Oil palm leaves (OPL) has high content of silica (SiO2). SiO2 has a high 
surface area and large pore volume which could reduce the aggregation of magnetite 
(Fe3O4). The coating of the superparamagnetic Fe3O4 was to enable easy separation 
from the reaction mixture. SiO2 extracted from OPL was coated on Fe3O4 followed 
by functionalization of 3-aminopropyltriethoxysilane (APTES) and activation of 
glutaraldehyde to prepare a nanosupport (G-AP-SiO2-Fe3O4) for immobilisation of 
Candida rugosa lipase (CRL). The feasibility of the biocatalyst (CRL/G-AP-SiO2-
Fe3O4) has yet to be tested in aqueous environment. In this research, the CRL/G-AP-
SiO2-Fe3O4 was used to determine the optimum condition for hydrolysis of olive oil. 
The kinetic and thermodynamic properties of the CRL/G-AP-SiO2-Fe3O4 was 
investigated for the hydrolysis of olive oil. The study first characterised the 
components and the treated OPL, whereby data of the thermal gravimetric analysis 
(TGA) indicated that the hemicellulose and lignin components in OPL were 
successfully reduced by acid treatment and calcination. The morphological and 
physiochemical facets of the extracted SiO2 were investigated by fourier transform 
infrared (FTIR) spectroscopy, X-ray diffraction (XRD) and thermogravimetry 
analysis-differential scanning calorimetry (TGA-DTG). The results revealed that 
SiO2 was successfully extracted from OPL and coated on the Fe3O4. Subsequently, it 
was activated by APTES and glutaraldehyde to yield CRL/G-AP-SiO2-Fe3O4.  FTIR, 
XRD and TGA-DTG data showed that CRL was successfully immobilised on G-AP-
SiO2-Fe3O4, as seen with the band arising at 1639 cm−1 by C=O and C=N stretching 
in FTIR. Specifically, immobilisation of CRL onto the G-AP-SiO2-Fe3O4 yielded an 
enzyme loading and specific activity of 14.7 mg/g and 183 U/g. The CRL/G-AP-
SiO2-Fe3O4 was then tested to establish the optimal conditions for catalysing 
hydrolysis of olive oil. It was found that the optimal conditions for the reaction that 
yielded the best activity were enzyme loading of 1.00 mg/mL, incubation 
temperature of 40 qC, pH 8.0, ratio of olive oil: water of 2.5:1, and an agitation speed 
of 200 rpm. Assessments of thermal stability showed that CRL/G-AP-SiO2-Fe3O4 
was more resistant to thermally-induced denaturation, than free CRL. The CRL/G-
AP-SiO2-Fe3O4 was kinetically shown to have higher affinity towards the substrate 
(Michaelis-Menten constant, Km = 0.583 g/mL) but catalysed at a lower maximum 
rate of reaction (Vmax = 833.3 μmol/ml.min) as compared to free CRL (Km =  6.00 
g/mL, Vmax = 3330 μmol/ml.min), respectively. The thermodynamic parameters 
based on values of half-life (t1/2 = 38.94 min), D-value (129.4 min), thermal 
deactivation energy (Ed = 112.90 kJ/mol), standard enthalpy of deactivation (ΔHd° = 
110.10 kJ/mol) and Gibbs free energy (ΔGd° = 11.32 kJ/mol) for CRL/G-AP-SiO2-
Fe3O4 conclusively showed that the lipase was appreciably more thermostable than 
free CRL (t1/2 = 23.89 min, D-value = 79.67 min, Ed= 93.3 kJ/mol, ΔHd° = 87.5 
kJ/mol and ΔGd° = 9.8111  kJ/mol) at 60qC. The finding shows that SiO2 extracted 
from OPL could be coated on Fe3O4 to be used as an inorganic support for enzyme 
immobilisation. The results thus demonstrated that the CRL/G-AP-SiO2-Fe3O4 
biocatalyst was a potential candidate for catalysing hydrolytic reactions with good 





 Daun kelapa sawit (OPL) mempunyai kandungan silika (SiO2) dan  luas 
permukaan yang tinggi yang boleh mengurangkan pengagregatan magnetit (Fe3O4). 
Penyalutan Fe3O4 yang superparamagnetik ialah bagi membolehkan pemisahan lebih 
mudah daripada campuran reaksi. SiO2 yang diekstrak dari OPL dilapisi pada Fe3O4 
diikuti dengan fungsionalisasi 3-aminopropiltrietoksisilana (APTES) dan pengaktifan 
glutaraldehid untuk menyediakan-penyokong nano (G-AP-SiO2-Fe3O4) bagi 
pemegunan lipase Candida rugosa (CRL). Kemampuan pemangkin lipase yang 
dipegunkan ini (CRL/G-AP-SiO2-Fe3O4) masih belum diuji dalam persekitaran 
berair. Di dalam kajian ini, CRL/G-AP-SiO2-Fe3O4 digunakan untuk menentukan 
keadaan optimum untuk hidrolisis minyak zaitun. Ciri-ciri kinetik dan termodinamik 
CRL/G-AP-SiO2-Fe3O4 disiasat untuk hidrolisis minyak zaitun. Kajian pertama 
mencirikan komponen dan OPL yang dirawat, di mana data analisis TGA 
menunjukkan bahawa komponen hemiselulosa dan lignin dalam OPL telah berjaya 
dikurangkan dengan rawatan asid dan kalsinasi. Sifat morfologi dan fisiologi dari 
SiO2 yang diekstrak disiasat oleh FTIR, XRD dan TGA-DTG. Hasilnya 
menunjukkan bahawa SiO2 berjaya diekstrak dari OPL dan dilapisi pada Fe3O4. 
Selepas itu, ia diaktifkan oleh APTES dan glutaraldehyde untuk menghasilkan 
CRL/G-AP-SiO2-Fe3O4. Data FTIR, XRD dan TGA-DTG menunjukkan bahawa 
CRL berjaya dipegunkan pada G-AP-SiO2-Fe3O4, seperti yang dilihat dengan jalur 
yang timbul pada 1639 cm-1 oleh C=O dan C=N yang ditunjukkan dalam FTIR. 
Khususnya, imobilisasi CRL ke G-AP-SiO2-Fe3O4 menghasilkan pemuatan enzim 
dan aktiviti khusus 14.7 mg/g dan 183 U/g. CRL/G-AP-SiO2-Fe3O4 kemudiannya 
diuji untuk menentukan keadaan optimum untuk menghidrolisis minyak zaitun. 
Didapati bahawa keadaan optimum untuk tindak balas yang menghasilkan aktiviti 
terbaik ialah penggunaan enzim 1.00 mg/mL, suhu inkubasi 40 qC, pH 8.0, nisbah 
minyak zaitun: air 2.5: 1, dan kelajuan agitasi 200 rpm. Penilaian kestabilan terma 
menunjukkan bahawa CRL/G-AP-SiO2-Fe3O4 lebih tahan terhadap denaturasi yang 
disebabkan oleh haba, daripada CRL bebas. CRL/G-AP-SiO2-Fe3O4 secara kinetika 
ditunjukkan mempunyai pertalian yang lebih tinggi terhadap substrat (Michaelis-
Menten malar, Km = 0.583 g/mL) tetapi termangkin pada kadar tindak balas 
maksimum yang lebih rendah (Vmax = 833.3 μmol/ml. min) berbanding dengan CRL 
bebas (Km = 6.00 g / mL, Vmax = 3330 μmol/ml.min). Parameter termodinamik 
berdasarkan nilai-nilai separuh hayat (t1/2 = 38.94 min), nilai D (129.4 min), Ed = 
112.90 kJ/mol, ΔHd ° = 110.10 kJ/mol) dan ΔGd ° = 11.32 kJ/mol untuk CRL/G-AP-
SiO2-Fe3O4 secara konsisten menunjukkan bahawa lipase lebih tinggi kestabilan 
termanya daripada CRL bebas (t1/2 = 23.89 min, D-value = 79.67 min, Ed = 93.3 kJ / 
mol, ΔHd ° = 87.5 kJ/mol dan ΔGd ° = 9.8111 kJ/mol) pada 60 ° C. Hasil kajian 
menunjukkan bahawa SiO2 yang diekstrak dari OPL boleh disalut pada Fe3O4 untuk 
digunakan sebagai sokongan bukan organik untuk enzim terpegun. Hasilnya 
menunjukkan bahawa pemangkin CRL/G-AP-SiO2-Fe3O4 adalah berpotensi untuk 
memangkinkan tindak balas hidrolisis dengan kadar reaksi yang baik, dengan itu 
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1.1  Background of Study 
 Oil palm or known as Elaeis guineensis is known as the most important plant 
species found in the Elaeis genus that belongs to the Palmae family. It is planted in 
large plantations in many tropical countries, for instance, Malaysia, Thailand and 
Indonesia (Nordin, Sulaiman, Hashim, & Mohamad Kassim, 2016). Palm oil 
extracted from pulp and kernel of the fruit are useful as edible oil to manufacture 
soap, food products, flavours and etc. Nonetheless, the high production rate of palm 
oil has taken its toll on the environment, as these large plantations leave behind large 
quantities of biomass, approximately 50-70 tonnes per hectare of the plantation 
(Shuit, Tan, Lee, & Kamaruddin, 2009). Oil palm fronds (OPF) including the oil 
palm leaves (OPL) and petioles constitute which is approximately 47% of the total 
oil palm waste (Nordin, Sulaiman, Hashim, & Mohamad Kassim, 2017). So far, 
these wastes are not fully utilised or recycled effectively, and are often eliminated by 
land-filling and open burning. Open burning in particularly, pollutes the environment 
and damages the ecosystem (Sidik, Jalil, Triwahyono, Adam, Satar, & Hameed, 
2012). Review of the literature conveyed that agricultural biomass i.e. OPL are 
potential raw materials for the manufacturing a myriad of value-added products such 
as animal food, fertiliser and absorbent. This is because of the abundance, readily 
available, and low-cost material of OPL. OPL in most part is used as a pelleting feed 
stock pulp and for the manufacturing of paper (Onoja, Attan, Chandren, Abdul 
Razak, Abdul Keyon, Mahat, & Wahab, 2017; Onoja, Chandren, Abdul Razak, 
Mahat, & Wahab, 2018a; Onoja, Chandren, Razak, & Wahab, 2018b).  
 According to a few reports, approximately 72.6% silica (SiO2) exists in palm 
oil fuel ash and, as much as 46.0 % is found in oil palm ash (Adam, Sulaiman, 




Fazlul, 2012). In addition, another study  reported that 95.2 % of SiO2 found in acid 
treated OPL (Onoja et al., 2017). These works highlighted the potential of OPL as a 
renewable SiO2 source, aside to SiO2 sources that are mined from the earth’s crust 
(Faizul et al., 2012). SiO2 is prized for its multiple applications, largely because of its 
natural abundance of silanol groups (-SiOH), which contributes to compatibility for 
interaction with different types of proteins. SiO2 is generally used for improving the 
stability, biocompatibility, hydrophilicity and surface functionality of the 
nanoparticles, i.e. magnetite (Fe3O4) (Abbas, Torati, Soo Lee, Rinaldi, & Kim, 
2014). Onoja et al. (2018a) also reported the use of SiO2 from OPL ash (OPLA) as a 
nanocoating material over nanoparticles of Fe3O4 to covalently bind Candida rugosa 
lipase (CRL). The resultant biocatalyst was appreciably activated and stabilised by 
the SiO2-Fe3O4 hybrid nanosupport (Onoja et al., 2017; Onoja et al., 2018a; Onoja et 
al., 2018b). 
 Studies have shown that enzyme immobilisation onto solid supports can 
effectively distribute the enzyme molecules and prevent formation of inactive 
aggregates, in conjunction to stabilising their structures (Prlainovic, Bezbradica, 
Rogan, Uskokovic, Mijin, & Marinkovic, 2016).  For such a purpose, inert polymers 
and inorganic materials are the preferred choice of carrier matrices. This has to do 
with their stability, inherent physical strength, regenerability, ability to increase 
catalytic activity, microbial resistance and reduce inhibition by the product during 
reactions (Datta, Christena, & Rajaram, 2012). In this milieu, the immobilisation of 
enzymes onto nanostructures such as nanoparticles, nanofibers, nanotubes and 
nanocomposites have been a topic of active research in enzyme technology. The high 
specific surface area of nanosupports is useful in enhancing the binding capacity of 
the enzymes, lowering transfer resistance with minimum diffusion limitation and 
lower operational cost (Singh & Mukhopadhyay, 2014). In fact, Fe3O4 are quite 
popular supports for immobilising enzymes, as the nanoparticles facilitate easy 
separation of the biocatalyst from the reaction mixture using an external magnetic 
field. This approach permits the reuse of enzymes in continuous operations (Singh et 
al., 2014).  It was previously demonstrated that the coating of SiO2 over Fe3O4 (G-
AP-SiO2-Fe3O4) before the covalent binding of CRL onto the surface of the support 




SiO2-Fe3O4) for catalysing an esterification production of butyl butyrate. This work 
proves that CRL/G-AP-SiO2-Fe3O4 was highly active in a water-free system. 
However, many questions remain unanswered in terms of stability and activity of the 
lipase when catalysing in a water-based system, i.e. a hydrolytic reaction (Onoja et 
al., 2017; Onoja et al., 2018a; Onoja et al., 2018b). 
1.2  Problem Statement 
Although the G-AP-SiO2-Fe3O4 nanosupport was shown to be applicable for 
activation and stabilisation of CRL for an esterification reaction, the same cannot be 
assumed for its capability to improve lipase activity for a hydrolysis reaction. This is 
because conditions in an enzyme-catalysed esterification reaction are highly different 
to that in an aqueous reaction system. CRL/G-AP-SiO2-Fe3O4 is adversely affected 
by water molecules in an esterification reaction in which the produced ester is 
counterproductively hydrolysed in the presence of excess water (Abd Rahman, Abd 
Manan, Marzuki, Mahat, Attan, Abdul Keyon, Jamalis, Aboul-Enein, & Wahab, 
2017; Elias, Chandren, Razak, Jamalis, Widodo, & Wahab, 2018; Manan, Attan, 
Zakaria, Keyon, & Wahab, 2018). Likewise, the high quantities of alcohol and acids 
of the starting materials can affect the conformation of CRL, causing the lipase to 
alter its activity and stability. In an aqueous system, all the above are absent and, the 
CRL/G-AP-SiO2-Fe3O4 was predicted to act differently, thereby influencing its 
stability, as well as the reaction kinetic and thermodynamic properties. 
Herein, this study investigates the ability of CRL/G-AP-SiO2-Fe3O4 to 
catalyse a hydrolytic reaction, i.e. hydrolysis of olive oil. It is worth noting here that 
data on the ability of CRL/G-AP-SiO2-Fe3O4 to catalyse hydrolytic reactions remain 
unavailable. Thus, the findings of this study would greatly contribute to the body of 
knowledge in terms of the versatility of CRL/G-AP-SiO2-Fe3O4 as a biocatalyst. This 
study hypothesised that the catalytic properties CRL/G-AP-SiO2-Fe3O4 in a water-
based system would be differ to that of the aqueous-free i.e. esterification. The 




catalysing the reaction, alongside changes in its kinetic and thermodynamic 
properties. 
 
1.3  Research Objectives 
 The objectives of this study are: 
(i) To prepare and characterise the morphology of SiO2 and Fe3O4.  
(ii) To characterise the morphology and physiochemical properties of CRL 
immobilised onto oil-palm leaves ash (OPLA)-based magnetite-silica 
matrix (CRL/G-AP-SiO2-Fe3O4).  
(iii)To optimise and compare the free CRL and CRL/G-AP-SiO2-Fe3O4-
catalysed hydrolysis of olive oil. 
(iv) To assess the stability, as well as the kinetic and thermodynamic 
properties of the CRL/G-AP-SiO2-Fe3O4-catalysed hydrolysis of olive oil. 
1.4  Scope of Study 
 The study begins with the collection of OPL from Universiti Teknologi 
Malaysia (UTM). The OPL collected were washed and ground into powder for acid 
treatment. It was then calcined to obtain treated oil palm leaves ash (OPLA). 
Untreated OPL and treated OPLA were characterised using thermo gravimetric 
analysis (TGA) and fourier transform infrared (FTIR) spectroscopy. The SiO2 
extracted from OPLA was coated onto Fe3O4 to produce SiO2-Fe3O4 nanosupport. It 
was then activated with 3-aminopropyltriethoxysilane (APTES) and functionalised 
by glutaraldehyde to give G-AP-SiO2-Fe3O4. Subsequently, CRL was immobilised 
onto G-AP-SiO2-Fe3O4 to produce the biocatalyst (CRL/G-AP-SiO2-Fe3O4). The 
morphology and physiochemical properties SiO2-Fe3O4, G-AP-SiO2-Fe3O4 and 





 The next step involved the optimisation of CRL/G-AP-SiO2-Fe3O4 catalysed 
hydrolysis of olive oil for parameters temperature, pH and stirring rate. This part of 
the work attempts to establish and compare the best conditions to yield the highest 
percentage of the liberated free fatty acids. It was, in actual, to gauge which lipase 
was more efficient and activated to carry out the hydrolysis reaction. 
 Finally, the study assessed the stability of CRL/G-AP-SiO2-Fe3O4 by carrying 
out the reactions under different temperatures and leaching study. Subsequently, 
kinetic and thermodynamic parameters for the CRL/G-AP-SiO2-Fe3O4-catalysed 
hydrolysis of olive oil emulsion were assessed. The kinetic study assessed the values 
of Michaelis-Menten constant (Km) and maximum rate of reaction (Vmax) whereas the 
thermodynamic investigation were to estimate the values of thermal deactivation 
energy (Ed), half-life (t1/2), standard enthalpy of denaturation ('Hdq), standard entropy 
of denaturation ('Sdq) and standard free energy of denaturation ('Gdq). 
1.5  Significance of Study 
 In this research work, the kinetic and thermodynamic parameters, as well as 
the ability of CRL/G-AP-SiO2-Fe3O4 to catalyse a hydrolytic reaction was 
established. The findings can further add to the body of knowledge with regards to 
the efficacy and versatility of CRL/G-AP-SiO2-Fe3O4 to catalyse reactions from two 









Abbas, Torati, Soo Lee, Rinaldi, & Kim. (2014). Fe3O4/SiO2 Core/Shell Nanocubes: 
Novel Coating Approach with Tunable Silica Thickness and Enhancement in 
Stability and Biocompatibility. Journal of Nanomedicine & Nanotechnology, 
05(06). doi:10.4172/2157-7439.1000244 
Abd, M.A. Latif, & Abdulridha. (2016). Synthesis and Some Physical Properties of 
Magnetite (Fe3O4) Nanoparticles (Vol. 2). 
Abd Manan, Attan, Zakaria, Mahat, & Abdul Wahab. (2018). Insight into the 
Rhizomucor miehei lipase supported on chitosan-chitin nanowhiskers assisted 
esterification of eugenol to eugenyl benzoate. Journal of Biotechnology, 280, 
19-30. doi:https://doi.org/10.1016/j.jbiotec.2018.05.015 
Abd Rahman, Abd Manan, Marzuki, Mahat, Attan, Abdul Keyon, Jamalis, Aboul-
Enein, & Wahab. (2017). A statistical approach for optimizing the high yield 
green production of the flavor ester butyl butyrate (Vol. 79). 
Abdul Rahman, Yunus, Hussein, Abdul Rahman, Salleh, & Basri. (2009). 
Application of advanced materials as support for immobilisation of lipase 
fromCandida rugosa. Biocatalysis and Biotransformation, 23(3-4), 233-239. 
doi:10.1080/10242420500218703 
Abdullah, & Sulaim. (2013). The Oil Palm Wastes in Malaysia. In Biomass Now - 
Sustainable Growth and Use. 
Abnisa, Arami-Niya, Wan Daud, Sahu, & Noor. (2013). Utilization of oil palm tree 
residues to produce bio-oil and bio-char via pyrolysis. Energy Conversion 
and Management, 76, 1073-1082. doi:10.1016/j.enconman.2013.08.038 
Adam, Sulaiman, Baharuddin, Mokhtar, Busu, & Tengku Zainal Mulok. (2017). 
Synthesis and Characterisation of Silica from Palm Oil Fuel Ash (POFA) 
Using Alkaline Fusion Method. SCIENCE & TECHNOLOGY.  
Adham. (2010). Immobilization and Stability of Lipase from Mucor racemosus 
NRRL 3631. 20, 2, 332-339. doi:10.4014/jmb.0906.06059 
Adhikari, Shin, Lee, Hu, Zhu, Akoh, & Lee. (2010). Production of trans-free 
margarine stock by enzymatic interesterification of rice bran oil, palm stearin 





Aghababaie, Beheshti, Razmjou, & Bordbar. (2016). Covalent immobilization of 
Candida rugosa lipase on a novel functionalized Fe3O4@SiO2 dip-coated 
nanocomposite membrane. Food and Bioproducts Processing, 100, 351-360. 
doi:10.1016/j.fbp.2016.07.016 
Ahmad, & Sardar. (2015). Enzyme Immobilization: An Overview on Nanoparticles 
as Immobilization Matrix. Biochemistry & Analytical Biochemistry, 04(02). 
doi:10.4172/2161-1009.1000178 
Al-Zuhair, Hasan, & Ramachandran. (2003). Kinetics of the enzymatic hydrolysis of 
palm oil by lipase. Process Biochemistry, 38(8), 1155-1163. 
doi:10.1016/s0032-9592(02)00279-0 
Ali, Tian, Zhao, Zhang, Ali, Khan, & Zhang. (2016). Immobilization of lipase on 
mesoporous silica nanoparticles with hierarchical fibrous pore. Journal of 
Molecular Catalysis B: Enzymatic, 134, 129-135. 
doi:https://doi.org/10.1016/j.molcatb.2016.10.011 
Anand, & Weatherley. (2018). The performance of microbial lipase immobilized 
onto polyolefin supports for hydrolysis of high oleate sunflower oil. Process 
Biochemistry, 68, 100-107. doi:10.1016/j.procbio.2018.01.027 
Angajala, Pavan, & Subashini. (2016). Lipases: An overview of its current 
challenges and prospectives in the revolution of biocatalysis. Biocatalysis and 
Agricultural Biotechnology, 7, 257-270. doi:10.1016/j.bcab.2016.07.001 
Awal, & Abubakar. (2011). <Properties-Of-Concrete-Containing-High-Volume-
Palm-Oil-Fuel-Ash-A-Short-Term-Investigation.pdf>. Malaysian Journal of 
Civil Engineering, 23(2), 54-66.  
Awalludin, Sulaiman, Hashim, & Nadhari. (2015). An overview of the oil palm 
industry in Malaysia and its waste utilization through thermochemical 
conversion, specifically via liquefaction. Renewable and Sustainable Energy 
Reviews, 50, 1469-1484. doi:10.1016/j.rser.2015.05.085 
Aziz, Husson, & Kermasha. (2015). Optimization of the Hydrolysis of Safflower Oil 
for the Production of Linoleic Acid, Used as Flavor Precursor. Int J Food Sci, 
2015, 594238. doi:10.1155/2015/594238 
Babaei, Karimi, & Hejazi. (2014). Use of mesoporous MnO2 as a support for 
immobilization of lipase from Candida rugosa. Chemical Industry and 






Babaki, Yousefi, Habibi, Brask, & Mohammadi. (2015). Preparation of highly 
reusable biocatalysts by immobilization of lipases on epoxy-functionalized 
silica for production of biodiesel from canola oil. Biochemical Engineering 
Journal, 101, 23-31. doi:10.1016/j.bej.2015.04.020 
Barriuso, Vaquero, Prieto, & Martinez. (2016). Structural traits and catalytic 
versatility of the lipases from the Candida rugosa-like family: A review. 
Biotechnol Adv, 34(5), 874-885. doi:10.1016/j.biotechadv.2016.05.004 
Bayramoglu, & Arıca. (2008). Preparation of poly(glycidylmethacrylate–
methylmethacrylate) magnetic beads: Application in lipase immobilization. 
Journal of Molecular Catalysis B: Enzymatic, 55(1-2), 76-83. 
doi:10.1016/j.molcatb.2008.01.012 
Bini, Marques, Santos, Chaker, & Jafelicci. (2012). Synthesis and functionalization 
of magnetite nanoparticles with different amino-functional alkoxysilanes. 
Journal of Magnetism and Magnetic Materials, 324(4), 534-539. 
doi:10.1016/j.jmmm.2011.08.035 
Bordbar, Rastegari, Amiri, Ranjbakhsh, Abbasi, & Khosropour. (2014). 
Characterization of modified magnetite nanoparticles for albumin 
immobilization. Biotechnol Res Int, 2014, 705068. doi:10.1155/2014/705068 
Bradford. (1976). A rapid and sensitive method for the quantitation of microgram 
quantities of protein utilizing the principle of protein-dye binding. Analytical 
Biochemistry, 72(1), 248-254. doi:https://doi.org/10.1016/0003-
2697(76)90527-3 
Camacho, Robles, González, Camacho, Esteban, & Molina. (2006). Mechanistic 
model for the lipase-catalyzed alcoholysis of triacylglycerols. Applied 
Catalysis A: General, 301(2), 158-168. doi:10.1016/j.apcata.2005.11.021 
Carlsson, Gustafsson, Thorn, Olsson, Holmberg, & Akerman. (2014). Enzymes 
immobilized in mesoporous silica: a physical-chemical perspective. Adv 
Colloid Interface Sci, 205, 339-360. doi:10.1016/j.cis.2013.08.010 
Carmona, Oliveira, Silva, Mattoso, & Marconcini. (2013). Nanosilica from rice husk: 
Extraction and characterization. Industrial Crops and Products, 43, 291-296. 
doi:10.1016/j.indcrop.2012.06.050 
Carrin, & Crapiste. (2008). Enzymatic acidolysis of sunflower oil with a palmitic–






Cavalcanti-Oliveira, da Silva, Ramos, Aranda, & Freire. (2010). Study of Soybean 
Oil Hydrolysis Catalyzed by Thermomyces lanuginosus Lipase and Its 
Application to Biodiesel Production via Hydroesterification. Enzyme Res, 
2011, 618692. doi:10.4061/2011/618692 
Chakraverty, & Kaleemullah. (1991). Conversion of rice husk into amorphous silica 
and combustible gas. Energy Conversion and Management, 32(6), 565-570. 
doi:https://doi.org/10.1016/0196-8904(91)90116-Z 
Che Marzuki, Mahat, Huyop, Buang, & Wahab. (2015). Candida rugosa Lipase 
Immobilized onto Acid-Functionalized Multi-walled Carbon Nanotubes for 
Sustainable Production of Methyl Oleate. Appl Biochem Biotechnol, 177(4), 
967-984. doi:10.1007/s12010-015-1791-z 
Chen, & Oakley. (1995). Thermal analysis of proteins of pharmaceutical interest. 
Thermochimica Acta, 229-244.  
Chen, Sun, Liang, Peng, Wang, & Shen. (2014). Lipase-catalyzed Hydrolysis of 
Linseed Oil : Optimization Using Response Surface Methodology. Journal of 
Oleo Science, 63(6), 619-628. doi:10.5650/jos.ess13189 
Chew, Chua, Cheng, Sarmidi, Aziz, & Lee. (2008). Kinetic study on the hydrolysis 
of palm olein using immobilized lipase. Biochemical Engineering Journal, 
39(3), 516-520. doi:10.1016/j.bej.2007.10.019 
Chiou, & Wu. (2004). Immobilization of Candida rugosa lipase on chitosan with 
activation of the hydroxyl groups. Biomaterials, 25(2), 197-204. 
doi:10.1016/s0142-9612(03)00482-4 
Chua, Alitabarimansor, Lee, & Mat. (2012). Hydrolysis of virgin coconut oil using 
immobilized lipase in a batch reactor. Enzyme Res, 2012, 542589. 
doi:10.1155/2012/542589 
Damnjanovic, Zuza, Savanovic, Bezbradica, Mijin, Boskovic-Vragolovic, & 
Knezevic-Jugovic. (2012). Covalently immobilized lipase catalyzing high-
yielding optimized geranyl butyrate synthesis in a batch and fluidized bed 
reactor. Journal of Molecular Catalysis B: Enzymatic, 75, 50-59. 
doi:https://doi.org/10.1016/j.molcatb.2011.11.009 
Dandavate, Keharia, & Madamwar. (2011). Ester synthesis usingCandida 
rugosalipase immobilized on magnetic nanoparticles. Biocatalysis and 





Das, Ali, & Hamid. (2014). Current applications of X-ray Powder Diffraction - A 
review. Rev.Adv.Mater.Sci, 38, 95-109.  
Datta, Christena, & Rajaram. (2012). Enzyme immobilization: an overview on 
techniques and support materials. 3 Biotech, 3(1), 1-9. doi:10.1007/s13205-
012-0071-7 
David, Wang, Yang, & Yang. (2006). Chemically surface modified gel (CSMG): an 
excellent enzyme-immobilization matrix for industrial processes. J 
Biotechnol, 125(3), 395-407. doi:10.1016/j.jbiotec.2006.03.019 
Deng, Wang, Hu, Yang, & Fu. (2005). Investigation of formation of silica-coated 
magnetite nanoparticles via sol–gel approach. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects, 262(1-3), 87-93. 
doi:10.1016/j.colsurfa.2005.04.009 
Dodson, Cooper, Hunt, Matharu, Cole, Minihan, Clark, & Macquarrie. (2013). Alkali 
silicates and structured mesoporous silicas from biomass power station 
wastes: the emergence of bio-MCMs. Green Chemistry, 15(5). 
doi:10.1039/c3gc40324f 
Dosanjh, & Kaur. (2002). Immobilization, stability and esterification studies of a 
lipase from a Bacillus sp. Biotechnology and Applied Biochemistry, 36(1), 7-
12. doi:10.1042/BA20010070 
Dussan, Cardona, Giraldo, Gutierrez, & Perez. (2010). Analysis of a reactive 
extraction process for biodiesel production using a lipase immobilized on 
magnetic nanostructures. Bioresour Technol, 101(24), 9542-9549. 
doi:10.1016/j.biortech.2010.07.044 
Elias, Chandren, Attan, Mahat, Razak, Jamalis, & Wahab. (2017). Structure and 
properties of oil palm-based nanocellulose reinforced chitosan nanocomposite 
for efficient synthesis of butyl butyrate. Carbohydr Polym, 176, 281-292. 
doi:10.1016/j.carbpol.2017.08.097 
Elias, Chandren, Razak, Jamalis, Widodo, & Wahab. (2018). Characterization, 
optimization and stability studies on Candida rugosa lipase supported on 
nanocellulose reinforced chitosan prepared from oil palm biomass. Int J Biol 
Macromol, 114, 306-316. doi:10.1016/j.ijbiomac.2018.03.095 
Faizul, Abdullah, & Fazlul. (2012). Review of Extraction of Silica from Agricultural 






Fernandes, Calheiro, Sánchez, Camacho, Rocha, Moraes, & Sousa. (2017). 
Characterization of Silica Produced from Rice Husk Ash: Comparison of 
Purification and Processing Methods. Materials Research, 20(suppl 2), 512-
518. doi:10.1590/1980-5373-mr-2016-1043 
Gaur, & Khare. (2011). Statistical optimization of palm oil hydrolysis by 
Pseudomonas aeruginosa PseA lipase. Asia-Pacific Journal of Chemical 
Engineering, 6(1), 147-153. doi:10.1002/apj.510 
Ghorbani, Habibollah, Mehraban, Çelik, Ghoreyshi, & Anbia. (2013). Preparation 
and characterization of highly pure silica from sedge as agricultural waste and 
its utilization in the synthesis of mesoporous silica MCM-41. Journal of the 
Taiwan Institute of Chemical Engineers, 44(5), 821-828. 
doi:https://doi.org/10.1016/j.jtice.2013.01.019 
Ghorbani, Mohammad, & Maleki. (2015). Production of Silica Nanoparticles from 
Rice Husk as Agricultural Waste by Environmental Friendly Technique. 
Environmental Studies of Persian Gulf, 2(1), 56-65.  
Gopinath, & Sugunan. (2004). Leaching studies over immobilized α-amylase. 
Importance of the nature of enzyme attachment (Vol. 83). 
Goswami, Basu, & De. (2009). Optimization of process variables in castor oil 
hydrolysis by Candida rugosa lipase with buffer as dispersion medium. 
Biotechnology and Bioprocess Engineering, 14(2), 220-224. 
doi:10.1007/s12257-008-0123-3 
Guangul, Sulaiman, & Ramli. (2012). Gasifier selection, design and gasification of 
oil palm fronds with preheated and unheated gasifying air. Bioresource 
Technology, 126, 224-232. doi:https://doi.org/10.1016/j.biortech.2012.09.018 
Gunda, Singh, Norman, Kaur, & Mitra. (2014). Optimization and characterization of 
biomolecule immobilization on silicon substrates using (3-
aminopropyl)triethoxysilane (APTES) and glutaraldehyde linker. Applied 
Surface Science, 305, 522-530. doi:10.1016/j.apsusc.2014.03.130 
Gupta, Ingole, Singh, & Bhattacharya. (2012). Comparative study of the hydrolysis 
of different oils by lipase-immobilized membranes. Journal of Applied 
Polymer Science, 124(S1), E17-E26. doi:10.1002/app.35400 
Gupta, Singh, & Bhattacharya. (2010). Lipase immobilization on Polysulfone 
globules and their performances in olive oil hydrolysis. Int J Biol Macromol, 





Gupta, Yogesh, Javiya, Bhambi, Pundir, Singh, & Bhattacharya. (2008). 
Comparative study of performances of lipase immobilized asymmetric 
polysulfone and polyether sulfone membranes in olive oil hydrolysis. Int J 
Biol Macromol, 42(2), 145-151. doi:10.1016/j.ijbiomac.2007.10.018 
Habulin, Šabeder, Paljevac, Primožič, & Knez. (2007). Lipase-catalyzed 
esterification of citronellol with lauric acid in supercritical carbon dioxide/co-
solvent media. The Journal of Supercritical Fluids, 43(2), 199-203. 
doi:10.1016/j.supflu.2007.05.001 
Hassan, & Abdu. (2015). Characterization of a treated palm oil fuel ash. Science 
World Journal, 10(1).  
He, Wang, Li, Miao, Wu, & Zou. (2005). Synthesis and characterization of 
functionalized silica-coated Fe3O4 superparamagnetic nanocrystals for 
biological applications. Journal of Physics D: Applied Physics, 38(9), 1342-
1350. doi:10.1088/0022-3727/38/9/003 
Hermansyah, Wijanarko, Dianursanti, Gozan, Wulan, Arbianti, Soemantojo, Utami, 
Yuliusman, Kubo, Shibasaki-Kitakawa, & Yonemoto. (2007). KINETIC 
MODEL FOR TRIGLYCERIDE HYDROLYSIS USING LIPASE: 
REVIEW. MAKARA, TEKNOLOGI,, 11(1), 30-35.  
Hosseini, Sadjadi, & Farhadyar. (2014). Fe3O4 nanoparticles modified with APTES 
as the carrier for (+)-(S)-2-(6-methoxynaphthalen-2-yl) propanoic acid 
(Naproxen) and (RS) 2-(3-benzoylphenyl)-propionic acid (Ketoprofen) drug. 
Oriental Journal of Chemistry, 30(4), 1609-1618. doi:10.13005/ojc/300420 
Ibrahim, Alsalamah, El-Toni, S Almaary, Eltayeb, Elbadawi, & Antranikian. (2016). 
Enhancement of Alkaline Protease Activity and Stability via Covalent 
Immobilization onto Hollow Core-Mesoporous Shell Silica Nanospheres 
(Vol. 17). 
Ilyasoglu, Gultekin-Ozguven, & Ozcelik. (2011). Production of human milk fat 
substitute with medium-chain fatty acids by lipase-catalyzed acidolysis: 
Optimization by response surface methodology. LWT - Food Science and 
Technology, 44(4), 999-1004. doi:10.1016/j.lwt.2010.11.027 
Izrael Živković, Živković, Babić, Kokunešoski, Jokić, & Karadžić. (2015). 
Immobilization of Candida rugosa lipase by adsorption onto biosafe 






Jamie A, Alshami AS, Maliabari ZO, & MA. (2017). Development and Validation of 
a Kinetic Model for Enzymatic Hydrolysis Using Candida rugosa Lipase. 
Journal of Bioprocessing & Biotechniques, 07(01). doi:10.4172/2155-
9821.1000297 
Jansomboon, Boonmaloet, Sukaros, & Prapainainar. (2016). Rice Hull Micro and 
Nanosilica: Synthesis and Characterization. Key Engineering Materials, 718, 
77-80. doi:10.4028/www.scientific.net/KEM.718.77 
Junko, & Katsuyoshi. (2008). Process Optimization to Prepare High-purity 
Amorphous Silica from Rice Husks via Citric Acid Leaching Treatment. 
Transactions of JWRI, 37(1).  
Kalantari, Kazemeini, Tabandeh, & Arpanaei. (2012). Lipase immobilisation on 
magnetic silica nanocomposite particles: effects of the silica structure on 
properties of the immobilised enzyme. Journal of Materials Chemistry, 
22(17). doi:10.1039/c2jm30513e 
Kalapathy, Proctor, & Shultz. (2000). A simple method for production of pure silica 
from rice hull ash. Bioresource Technology, 73(3), 257-262. 
doi:10.1016/s0960-8524(99)00127-3 
Karimi Pasandideh, Kakavandi, Nasseri, Mahvi, Nabizadeh, Esrafili, & Rezaei 
Kalantary. (2016). Silica-coated magnetite nanoparticles core-shell spheres 
(Fe3O4@SiO2) for natural organic matter removal (Vol. 14). 
Kaur, & Chudasama. (2015). Synthesis of superparamagnetic silica-coated magnetite 
nanoparticles for biomedical applications.  
Kharrat, Ali, Marzouk, Gargouri, & Karra-Châabouni. (2011). Immobilization of 
Rhizopus oryzae lipase on silica aerogels by adsorption: Comparison with the 
free enzyme. Process Biochemistry, 46(5), 1083-1089. 
doi:10.1016/j.procbio.2011.01.029 
Khoobi, Motevalizadeh, Asadgol, Forootanfar, Shafiee, & Faramarzi. (2015). 
Polyethyleneimine-modified superparamagnetic Fe3O4 nanoparticles for 
lipase immobilization: Characterization and application. Materials Chemistry 
and Physics, 149-150, 77-86. doi:10.1016/j.matchemphys.2014.09.039 
Kim, Song, Shin, Hwang, & Suh. (2007). The crystal structure of a triacylglycerol 
lipase from Pseudomonas cepacia reveals a highly open conformation in the 





Kolodziejczak-Radzimska. (2017). Functionalized Stober silica as a support in 
immobilization process of lipase from Candida Rugosa. Physicochemical 
Problems of Mineral Processing, 53(2), 878-892. doi:10.5277/ppmp170217 
Kong, & Yu. (2007). Fourier Transform Infrared Spectroscopic Analysis of Protein 
Secondary Structures. Acta Biochimica et Biophysica Sinica, 39(8), 549-559.  
Kroehong, Sinsiri, & Jaturapitakkul. (2011). Effect of Palm Oil Fuel Ash Fineness on 
Packing Effect and Pozzolanic Reaction of Blended Cement Paste. Procedia 
Engineering, 14, 361-369. doi:10.1016/j.proeng.2011.07.045 
Kulkarni, S., & Palei. (2014). Synthesis and Characterization of Superparamagnetic 
Fe3O4@SiO2 Nanoparticles. Journal of the Korean Chemical Society, 58(1). 
doi:10.5012/jkcs.2014.58.1.100 
Kumar, Nagar, Bhushan, Kumar, Parshad, & Gupta. (2013). Covalent 
immobilization of organic solvent tolerant lipase on aluminum oxide pellets 
and its potential application in esterification reaction. Journal of Molecular 
Catalysis B: Enzymatic,, 87, 51-61. doi:10.1016/j.molcatb.2012.10.002 
Landoulsi, J, El, Richard, Pulvin, & G. (2011). Silanization with APTES for 
Controlling the Interactions Between Stainless Steel and Biocomponents: 
Reality vs Expectation. In Biomaterials - Physics and Chemistry. 
Li, Hu, & Liu. (2004). Use of chemically modified PMMA microspheres for enzyme 
immobilization. BioSystems, 77(1), 25-32. 
doi:https://doi.org/10.1016/j.biosystems.2004.03.001 
Li, & Wu. (2009). Lipase-immobilized electrospun PAN nanofibrous membranes for 
soybean oil hydrolysis. Biochemical Engineering Journal, 45(1), 48-53. 
doi:10.1016/j.bej.2009.02.004 
Lia, Churchb, Woodheadb, & Moussaa. (2010). Preparation and characterization of 
silica coated iron oxide magnetic nano-particles. Spectrochimica Acta Part A, 
76, 484-489. doi:10.1016/j.saa.2010.04.004 
Liou, & Yang. (2011). Synthesis and surface characteristics of nanosilica produced 
from alkali-extracted rice husk ash. Materials Science and Engineering: B, 
176(7), 521-529. doi:10.1016/j.mseb.2011.01.007 
Liu, Guan, Shen, & Liu. (2005). Immobilization of lipase onto micron-size magnetic 






Loh. (2017). The potential of the Malaysian oil palm biomass as a renewable energy 
source. Energy Conversion and Management, 141, 285-298. 
doi:10.1016/j.enconman.2016.08.081 
Lopez, Perez, Vazquez, Valero, & Sanchez. (2002). Immobilisation of different 
Candida rugosa lipases by adsorption onto polypropylene powder: 
application to chiral synthesis of ibuprofen andtrans-2-phenyl-1-cyclohexanol 
esters. Journal of Chemical Technology & Biotechnology, 77(2), 175-182. 
doi:10.1002/jctb.546 
Lou, Wu, & Lv. (2010). Fast Pyrolysis of Enzymatic Mild Acidolysis Lignin from 
Moso Bamboo. BioResources, 5(2), 827-837.  
Lv, Wu, Lou, & Yang. (2009). Analytical pyrolysis characteristics of enzymatic/mild 
acidolysis lignin from sugarcane bagasse. CELLULOSE CHEMISTRY AND 
TECHNOLOGY, 44(9), 335-342.  
Manan, Attan, Zakaria, Keyon, & Wahab. (2018). Enzymatic esterification of 
eugenol and benzoic acid by a novel chitosan-chitin nanowhiskers supported 
Rhizomucor miehei lipase: Process optimization and kinetic assessments. 
Enzyme and Microbial Technology, 108, 42-52. 
doi:10.1016/j.enzmictec.2017.09.004 
Matori, Haslinawati, Wahab, Sidek, Ban, & Ghani. (2009). <45-
ProducingAmorphousWhiteSilicafromRiceHusk (1).pdf>. Journal of Basic 
and Applied Sciences, 1(3).  
Mehrasbi, Mohammadi, Peyda, & Mohammadi. (2017). Covalent immobilization of 
Candida antarctica lipase on core-shell magnetic nanoparticles for production 
of biodiesel from waste cooking oil. Renewable Energy, 101, 593-602. 
doi:10.1016/j.renene.2016.09.022 
Melo, Pastore, & Macedo. (2005). Optimized synthesis of citronellyl flavour esters 
using free and immobilized lipase from Rhizopus sp. Process Biochemistry, 
40(10), 3181-3185. doi:10.1016/j.procbio.2005.01.019 
Milašinović, Knežević-Jugović, Jakovljević, Filipović, & Kalagasidis Krušić. (2012). 
Synthesis of n-amyl isobutyrate catalyzed by Candida rugosa lipase 
immobilized into poly(N-isopropylacrylamide-co-itaconic acid) hydrogels. 






Mohamad, Buang, Mahat, Jamalis, Huyop, Aboul-Enein, & Wahab. (2015a). Simple 
adsorption of Candida rugosa lipase onto multi-walled carbon nanotubes for 
sustainable production of the flavor ester geranyl propionate. Journal of 
Industrial and Engineering Chemistry, 32, 99-108. 
doi:10.1016/j.jiec.2015.08.001 
Mohamad, Marzuki, Buang, Huyop, & Wahab. (2015b). An overview of 
technologies for immobilization of enzymes and surface analysis techniques 
for immobilized enzymes. Biotechnol Biotechnol Equip, 29(2), 205-220. 
doi:10.1080/13102818.2015.1008192 
Mohideen Batcha, Faiz, Salleh, Zakaria, & Raghavan. (2011). Drying of Oil Palm 
Frond via Swirling Fluidization Technique (Vol. 3). 
Monier, El-Sokkary, & Sarhan. (2010). Immobilization of Candida rugosa lipase on 
modified natural wool fibers. Reactive and Functional Polymers, 70(2), 122-
128. doi:10.1016/j.reactfunctpolym.2009.11.004 
Nag. (2006). Alcoholysis of vegetable oil catalyzed by an isozyme of Candida rugosa 
lipase for production of fatty acid ester. Indian Journal of Biotechnology, 5, 
175-178.  
Nguyen, Le, Phan, & Tran. (2017). Antibacterial Activity of Free Fatty Acids from 
Hydrolyzed Virgin Coconut Oil Using Lipase from Candida rugosa. J Lipids, 
2017, 7170162. doi:10.1155/2017/7170162 
Noor, Hasan, & Ramachandran. (2003). Effect of operating variables on the 
hydrolysis rate of palm oil by lipase. Process Biochemistry, 39(1), 13-20. 
doi:https://doi.org/10.1016/S0032-9592(02)00263-7 
Nordin, Sulaiman, Hashim, & Mohamad Kassim. (2016). Characterization of 
Different Parts of Oil Palm Fronds (Elaeis Guineensis) and Its Properties. 
International Journal on Advanced Science, Engineering and Information 
Technology, 6(1). doi:10.18517/ijaseit.6.1.643 
Nordin, Sulaiman, Hashim, & Mohamad Kassim. (2017). Oil Palm Frond Waste for 
the Production of Cellulose Nanocrystals. Journal of Physical Science, 28(2), 
115-126. doi:10.21315/jps2017.28.2.8 
Nunes, Veloso de Paula, Ferreira de Castro, & Santos. (2011). Optimization of the 
Enzymatic Interesterification of Milk Fat and Canola Oil Blends Using 
Immobilized Rhizopus oryzae Lipase by Response Surface Methodology. 





Nuryono, Mutia Rosiati, Rusdiarso, Sakti, & Tanaka. (2014). Coating of magnetite 
with mercapto modified rice hull ash silica in a one-pot process. 
Springerplus, 3, 515. doi:10.1186/2193-1801-3-515 
Nyari, Paulazi, Steffens, Mignoni, Zeni, & Dallago. (2017). Optimization of olive oil 
hydrolysis process using immobilized Lipase from Burkholderia cepacia sp. 
in Polyurethane. Acta Scientiarum. Technology, 39(4), 385-393.  
Onoja. (2018). Oil palm leaves ash silica-magnetite-candida rugosa lipase 
nanoconjugates for synthesis of butyl butyrate. (Doctor of Philosophy in 
Chemistry), Universiti teknologi malaysia, Johor Bahru.  
Onoja, Attan, Chandren, Abdul Razak, Abdul Keyon, Mahat, & Wahab. (2017). 
Insights into the physicochemical properties of the Malaysian oil palm leaves 
as an alternative source of industrial materials and bioenergy. Malaysian 
Journal of Fundamental and Applied Sciences, 13(4). 
doi:10.11113/mjfas.v0n0.681 
Onoja, Chandren, Abdul Razak, Mahat, & Wahab. (2018a). Oil Palm (Elaeis 
guineensis) Biomass in Malaysia: The Present and Future Prospects. Waste 
and Biomass Valorization. doi:10.1007/s12649-018-0258-1 
Onoja, Chandren, Razak, & Wahab. (2018b). Enzymatic synthesis of butyl butyrate 
by Candida rugosa lipase supported on magnetized-nanosilica from oil palm 
leaves: Process optimization, kinetic and thermodynamic study. Journal of 
the Taiwan Institute of Chemical Engineers. doi:10.1016/j.jtice.2018.05.049 
Ortega, LÓpez-Hernandez, Garcia, & Hill. (2004). Lipase-mediated Acidolysis of 
Fully Hydrogenated Soybean Oil with Conjugated Linoleic Acid. Journal of 
Food Science, 69(1), FEP1-FEP6. doi:10.1111/j.1365-2621.2004.tb17860.x 
Prlainovic, Bezbradica, Rogan, Uskokovic, Mijin, & Marinkovic. (2016). Surface 
functionalization of oxidized multi-walled carbon nanotubes: Candida rugosa 
lipase immobilization. Comptes Rendus Chimie, 19(3), 363-370. 
doi:10.1016/j.crci.2015.10.008 
Ranjbakhsh, Bordbar, Abbasi, Khosropour, & Shams. (2012). Enhancement of 
stability and catalytic activity of immobilized lipase on silica-coated modified 






Rashida, Zaharudina, & Idrisa. (2014). Enzymatic Hydrolysis of Used-Frying Oil 
Using Candida Rugosa Lipase in Solvent-Free System. Jurnal Teknologi 
(Sciences & Engineering), 67(2), 75-80.  
Ray, Nagy, Smith, Bhaggan, & Stapley. (2013). Kinetic study of the acidolysis of 
high oleic sunflower oil with stearic–palmitic acid mixtures catalysed by 
immobilised Rhizopus oryzae lipase. Biochemical Engineering Journal, 73, 
17-28. doi:10.1016/j.bej.2012.12.018 
Reis, Holmberg, Watzke, Leser, & Miller. (2009). Lipases at interfaces: a review. 
Adv Colloid Interface Sci, 147-148, 237-250. doi:10.1016/j.cis.2008.06.001 
Rho, Kim, Kyeong, Kang, Kim, Kang, Jeong, Kim, Lee, & Jun. (2013). Facile 
synthesis of monodispersed silica-coated magnetic nanoparticles. Journal of 
Industrial and Engineering Chemistry, 4. doi:10.1016/j.jiec.2013.12.014 
Rodrigues, Mendes, Adriano, Gonçalves, & Giordano. (2008). Multipoint covalent 
immobilization of microbial lipase on chitosan and agarose activated by 
different methods. Journal of Molecular Catalysis B: Enzymatic, 51(3-4), 
100-109. doi:10.1016/j.molcatb.2007.11.016 
Roonasi, & Holmgren. (2009). A Fourier transform infrared (FTIR) and 
thermogravimetric analysis (TGA) study of oleate adsorbed on magnetite 
nano-particle surface. Applied Surface Science, 255(11), 5891-5895. 
doi:10.1016/j.apsusc.2009.01.031 
Royon, Daz, Ellenrieder, & Locatelli. (2007). Enzymatic production of biodiesel 
from cotton seed oil using t-butanol as a solvent. Bioresour Technol, 98(3), 
648-653. doi:10.1016/j.biortech.2006.02.021 
Sahin, Akoh, & Karaali. (2005). Lipase-Catalyzed Acidolysis of Tripalmitin with 
Hazelnut Oil Fatty Acids and Stearic Acid To Produce Human Milk Fat 
Substitutes. J. Agric. Food Chem., 53, 5779-5783.  
Sahu, Badhe, Adivarekar, Ladole, & Pandit. (2016). Synthesis of glycinamides using 
protease immobilized magnetic nanoparticles. Biotechnology Reports, 12, 13-
25. doi:https://doi.org/10.1016/j.btre.2016.07.002 
Saif, Wang, Chuan, & Shuang. (2015). Synthesis and Characterization of Fe3O4 
Coated on APTES as Carriers for Morin-Anticancer Drug. Journal of 






Samui, Chowdhuri, Mahto, & Sahu. (2016). Fabrication of a magnetic nanoparticle 
embedded NH2-MIL-88B MOF hybrid for highly efficient covalent 
immobilization of lipase. RSC Advances, 6(71), 66385-66393. 
doi:10.1039/C6RA10885G 
Sanjay, & Sugunan. (2005). Invertase immobilised on montmorillonite: reusability 
enhancement and reduction in leaching. Catalysis Communications, 6(1), 81-
86. doi:https://doi.org/10.1016/j.catcom.2004.11.003 
Satar, Jafri, Rasool, & Ansari. (2017). Role of Glutaraldehyde in Imparting Stability 
to Immobilized ²-Galactosidase Systems. Brazilian Archives of Biology and 
Technology, 60.  
Segal, Creely, Martin, & Conrad. (1959). An Empirical Method for Estimating the 
Degree of Crystallinity of Native Cellulose Using the X-Ray Diffractometer. 
Textile Research Journal, 29(10), 786-794. 
doi:10.1177/004051755902901003 
Serri, Kamaruddin, & Long. (2006). Studies of reaction parameters on synthesis of 
Citronellyl laurate ester via immobilized Candida rugosa lipase in organic 
media. Bioprocess Biosyst Eng, 29(4), 253-260. doi:10.1007/s00449-006-
0074-z 
Serri, Kamarudin, & Abdul Rahaman. (2008). Preliminary Studies for Production of 
Fatty Acids from Hydrolysis of Cooking Palm Oil Using C. rugosa Lipase. 
Journal of Physical Science, 19(1), 79-88.  
Sharma, Chisti, & Banerjee. (2001). Production, purification, characterization, and 
applications of lipases. Biotechnology Advances, 19(8), 627-662. 
doi:https://doi.org/10.1016/S0734-9750(01)00086-6 
Shaw, & Lo. (1994). Production of propylene glycol fatty acid monoesters by lipase-
catalyzed reactions in organic solvents (Vol. 71). 
Shuit, Tan, Lee, & Kamaruddin. (2009). Oil palm biomass as a sustainable energy 
source: A Malaysian case study. Energy, 34(9), 1225-1235. 
doi:10.1016/j.energy.2009.05.008 
Sidik, Jalil, Triwahyono, Adam, Satar, & Hameed. (2012). Modified oil palm leaves 
adsorbent with enhanced hydrophobicity for crude oil removal. Chemical 
Engineering Journal, 203, 9-18. doi:10.1016/j.cej.2012.06.132 
Sim, Mohamed, Aida Lu Mohd Irwan Lu, Safitri P. Sarman, & Nor Sihariddh 





(FTIR) spectra for characterization of various treated and untreated 
agriculture biomass (Vol. 7). 
Singh, & Mukhopadhyay. (2014). Immobilization of Candida antarctica lipase onto 
cellulose acetate-coated Fe2O3 nanoparticles for glycerolysis of olive oil. 
Korean Journal of Chemical Engineering, 31(7), 1225-1232. 
doi:10.1007/s11814-014-0020-8 
Singh, & Mukhopadhyay. (2016). Enzymatic Synthesis of Mono- and Diglyceride 
Using Lipase From Candida rugosa Immobilized Onto Cellulose Acetate-
Coated Fe2O3 Nanoparticles. Arabian Journal for Science and Engineering, 
41(7), 2553-2561. doi:10.1007/s13369-016-2036-3 
Soekopitojo, Hariyadi, Muchtadi, & Andarwulan. (2009). <enzymatic-
interesterification-of-palm-oil-midfraction-blends-for-the-production-of-
cocoa-butter.pdf>. As. J. Food Ag-Ind, 2(04), 807-816.  
Sonmez, Georgescu, Alexandrescu, Gurau, Ficai, Ficai, & Andronescu. (2015). 
SYNTHESIS AND APPLICATIONS OF Fe3O4/SiO2 CORE-SHELL 
MATERIALS. Current Pharmaceutical Design, 21(37), 5324-5335. 
doi:10.2174/1381612821666150917094031 
Sørensen, Xu, Zhang, Kristensen, & Jacobsen. (2009). Human Milk Fat Substitute 
from Butterfat: Production by Enzymatic Interesterification and Evaluation of 
Oxidative Stability. Journal of the American Oil Chemists' Society, 87(2), 
185-194. doi:10.1007/s11746-009-1479-z 
Souza, Aliakbarian, Filho, Magalhães, Junior, Converti, & Perego. (2015). Kinetic 
and thermodynamic studies of a novel acid protease from Aspergillus 
foetidus. International Journal of Biological Macromolecules, 81, 17-21. 
doi:https://doi.org/10.1016/j.ijbiomac.2015.07.043 
Spinelli, Coppi, Basosi, & Pogni. (2014). Biosynthesis of ethyl butyrate with 
immobilized Candida rugosa lipase onto modified Eupergit®C. Biocatalysis, 
1(1), 1-12. doi:10.2478/boca-2014-0001 
Sun, Duan, Guo, DuanMu, Ma, Xu, Zhang, & Gu. (2005). An improved way to 
prepare superparamagnetic magnetite-silica core-shell nanoparticles for 
possible biological application. Journal of Magnetism and Magnetic 





Sun, & Liu. (2015). Ester Synthesis in Aqueous Media by Lipase: Alcoholysis, 
Esterification and Substrate Hydrophobicity. Journal of Food Biochemistry, 
39(1), 11-18. doi:10.1111/jfbc.12104 
Tang, Hu, Zhu, Luo, Lei, Deng, & Lee. (2012). Enzymatic interesterification of palm 
stearin with Cinnamomum camphora seed oil to produce zero-trans medium-
chain triacylglycerols-enriched plastic fat. J Food Sci, 77(4), C454-460. 
doi:10.1111/j.1750-3841.2012.02637.x 
Thangaraj, Jia, Dai, Liu, & Du. (2016). Effect of silica coating on Fe3O4 magnetic 
nanoparticles for lipase immobilization and their application for biodiesel 
production. Arabian Journal of Chemistry. doi:10.1016/j.arabjc.2016.09.004 
Ting, Tung, Giridhar, & Wu. (2006). Application of binary immobilized Candida 
rugosa lipase for hydrolysis of soybean oil. Journal of Molecular Catalysis B: 
Enzymatic, 42(1-2), 32-38. doi:10.1016/j.molcatb.2006.06.009 
Todkar, Deorukhkar, & Deshmukh. (2016). Extraction of Silica from Rice Husk. 
International Journal of Engineering Research and Development, 12(3), 69-
74.  
Torres, Toré, Fornari, Señoráns, & Reglero. (2007). Ethanolysis of a waste material 
from olive oil distillation catalyzed by three different commercial lipases: A 
kinetic study. Biochemical Engineering Journal, 34(2), 165-171. 
doi:10.1016/j.bej.2006.11.027 
Tran, & Balkus. (2011). Perspective of Recent Progress in Immobilization of 
Enzymes. ACS Catalysis, 1(8), 956-968. doi:10.1021/cs200124a 
Tyagi, Pandit, Sharma, & Gupta. (2017). Extraction and characterization of silica 
from rice husk for use in food industries. International Journal of Food 
Science and Nutrition, 2(4), 50-53.  
Vakili, Rafatullah, Ibrahim, Salamatinia, Gholami, & Zwain. (2014). A review on 
composting of oil palm biomass. Environment, Development and 
Sustainability, 17(4), 691-709. doi:10.1007/s10668-014-9581-2 
Venditti, Palocci, Chronopoulou, Fratoddi, Fontana, Diociaiuti, & Russo. (2015). 
Candida rugosa lipase immobilization on hydrophilic charged gold 
nanoparticles as promising biocatalysts: Activity and stability investigations. 






Villa, Riani, Locardi, & Canepa. (2016). Functionalization of Fe(3)O(4) NPs by 
Silanization: Use of Amine (APTES) and Thiol (MPTMS) Silanes and Their 
Physical Characterization. Materials (Basel), 9(10). doi:10.3390/ma9100826 
Wang. (2009). Ordered mesoporous materials for drug delivery. Microporous and 
Mesoporous Materials, 117(1-2), 1-9. doi:10.1016/j.micromeso.2008.07.002 
Wang, Li, Zhou, Jiang, Xu, & Bu. (2014). Improvement of the activation of lipase 
from Candida rugosa following physical and chemical immobilization on 
modified mesoporous silica. Materials Science and Engineering, 45, 261-
269. doi:10.1016/j.msec.2014.09.026 
Wang, Zhao, Han, Bai, Li, Liu, Che, Hu, Zhang, Jiang, & Wang. (2015). 
Mesoporous silica nanoparticles in drug delivery and biomedical applications. 
Nanomedicine, 11(2), 313-327. doi:10.1016/j.nano.2014.09.014 
Xu, Sun, Wang, Sheng, Wang, & Sun. (2014). Application of iron magnetic 
nanoparticles in protein immobilization. Molecules, 19(8), 11465-11486. 
doi:10.3390/molecules190811465 
Yalcin, & Sevinc. (2001). Studies on silica obtained from rice husk. Ceramics 
International.  
Yigitoglu, & Temocin. (2010). Immobilization of Candida rugosa lipase on 
glutaraldehyde-activated polyester fiber and its application for hydrolysis of 
some vegetable oils. Journal of Molecular Catalysis B: Enzymatic, 66(1-2), 
130-135. doi:10.1016/j.molcatb.2010.04.007 
Yu, Fang, Tong, Shao, Xu, & Zhou. (2013). Immobilization of Candida rugosa lipase 
on hexagonal mesoporous silicas and selective esterification in nonaqueous 
medium. Biochemical Engineering Journal, 70, 97-105. 
doi:10.1016/j.bej.2012.10.005 
Zang, Qiu, Wu, Zhang, Sakai, & Wei. (2014). Preparation of Magnetic Chitosan 
Nanoparticles As Support for Cellulase Immobilization. Industrial & 
Engineering Chemistry Research, 53(9), 3448-3454. doi:10.1021/ie404072s 
Zdarta, Meyer, Jesionowski, & Pinelo. (2018). A General Overview of Support 
Materials for Enzyme Immobilization: Characteristics, Properties, Practical 
Utility. Catalysts, 8(2). doi:10.3390/catal8020092 
Zeyad, Johari, Bunnori, Ariffin, & Altwair. (2012). Characteristics of Treated Palm 





Advanced Materials Research, 626, 152-156. 
doi:10.4028/www.scientific.net/AMR.626.152 
Zhang, Cushing, & O’Connor. (2008). Synthesis and characterization of 
monodisperse ultra-thin silica-coated magnetic nanoparticles. 
Nanotechnology. doi:10.1088/0957-4484/19/8/085601 
Zhang, Zhao, & Xu. (2017). Development of amine-functionalized hierarchically 
porous silica for CO2 capture. Journal of Industrial and Engineering 
Chemistry, 54, 59-68. doi:https://doi.org/10.1016/j.jiec.2017.05.018 
Zhao, Herbst, Niemeyer, & He. (2015a). High pressure enhances activity and 
selectivity of Candida rugosa lipase immobilized onto silica nanoparticles in 
organic solvent. Food and Bioproducts Processing, 96, 240-244. 
doi:10.1016/j.fbp.2015.08.006 
Zhao, Qi, Yuan, Du, & Liu. (2015b). Lipase-catalyzed process for biodiesel 
production: Enzyme immobilization, process simulation and optimization. 
Renewable and Sustainable Energy Reviews, 44, 182-197. 
doi:10.1016/j.rser.2014.12.021 
Zhao, Tang, Zhu, Hu, Li, Luo, Lei, & Deng. (2013). Enzymatic production of zero-
trans plastic fat rich in alpha-linolenic acid and medium-chain fatty acids 
from highly hydrogenated soybean oil, Cinnamomum camphora seed oil, and 
perilla oil by lipozyme TL IM. J Agric Food Chem, 61(6), 1189-1195. 
doi:10.1021/jf305086j 
Zheng, & Xu. (2011). Synthesis of Mesoporous Silica Coated Magnetic 
Microspheres on Large Scale. Advanced Materials Research, 236-238, 1845-
1848. doi:10.4028/www.scientific.net/AMR.236-238.1845 
Zhu, Zhang, Hou, Pan, He, & Zhu. (2016). Covalent immobilization of lipases on 
monodisperse magnetic microspheres modified with PAMAM-dendrimer. 
Journal of Nanoparticle Research, 18(2). doi:10.1007/s11051-016-3337-x 
Zucca, & Sanjust. (2014). Inorganic materials as supports for covalent enzyme 
immobilization: methods and mechanisms. Molecules, 19(9), 14139-14194. 
doi:10.3390/molecules190914139 
Zulfiqar, Subhani, & Husain. (2016). Synthesis and characterization of silica 
nanoparticles from clay. Journal of Asian Ceramic Societies, 4(1), 91-96. 
doi:https://doi.org/10.1016/j.jascer.2015.12.001 
 
